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1
BORON PHOSPHATE MATRIX LAYER

BACKGROUND

Fuel cells are useful for generating electrical energy based
on an electrochemical reaction. Different types of fuel cells
have been developed. Phosphoric acid fuel cells (PAFCs)
utilize a phosphoric acid electrolyte between cathode and
anode electrodes. Polymer electrolyte membrane (PEM) fuel
cells utilize a polymer electrolyte between the electrodes.
Each type of fuel cell has 1ts own characteristics, which may
make 1t more suitable for a particular application.

In PAFCs, the phosphoric acid electrolyte 1s retained in a
matrix that 1s situated between the electrodes. Diflerent
materials have been used for the matrix layer. U.S. Pat. No.
3,694,310 describes a phenolic resin matrix layer. One
drawback associated with phenolic resin matrix layers 1s that
over time a reaction between the phosphoric acid and the
organic material of the matrix layer at elevated temperatures
produces a molecule that adsorbs onto the electrode catalyst
and poisons the catalyst. As a result, the performance of the
tuel cell degrades.

U.S. Pat. No. 4,017,664 describes a matrix layer made of

s1licon carbide. One drawback associated with such a matrix
layer 1s that the oxide on silicon carbide slowly dissolves
during typical tuel cell operating conditions and converts to
silicon phosphate, which 1s mnsoluble in phosphoric acid.
This causes an associated loss of phosphoric acid electrolyte
and the insoluble phosphate material could potentially block
tuel or oxidant gas delivery to the electrodes.

It would be useful to have a PAFC matrix layer with
improved characteristics compared to previously proposed
or used matrix layers.

SUMMARY

An 1llustrative example embodiment of a fuel cell
includes a cathode electrode, an anode electrode, and a
porous matrix layer between the electrodes. The matrix layer
comprises pores and solids. The solids of the matrix layer
comprise at least 90% boron phosphate. A phosphoric acid
clectrolyte 1s within the pores of the matrix layer.

In an example embodiment having one or more features
of the fuel cell of the previous paragraph, the boron phos-
phate has an average particle size between 0.5 um and 4 pum.

In an example embodiment having one or more features
of the fuel cell of either of the previous paragraphs, the
average particle size 1s approximately 2 um.

In an example embodiment having one or more features
of the fuel cell of any of the previous paragraphs, the matrix
layer has a thickness that 1s between 10 um and 100 um.

In an example embodiment having one or more features
of the fuel cell of any of the previous paragraphs, the
thickness 1s approximately 50 um.

In an example embodiment having one or more features
of the fuel cell of any of the previous paragraphs, the solids
ol the matrix layer comprises between 90% and 99% boron
phosphate.

In an example embodiment having one or more features
of the fuel cell of any of the previous paragraphs, the matrix
layer comprises a coating on at least one of the electrodes.

In an example embodiment having one or more features
of the fuel cell of any of the previous paragraphs, the cathode
clectrode and the anode electrode each comprise a catalyst
layer, each catalyst layer 1s surrounded by a filler band layer,
and each filler band layer comprises boron phosphate.
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2

In an example embodiment having one or more features
of the fuel cell of any of the previous paragraphs, the filler
band layers have a different composition than the matrix
layer.

In an example embodiment having one or more features
of the fuel cell of any of the previous paragraphs, the anode
clectrode and the cathode electrode are supported on respec-
tive substrate layers, the respective substrate layers comprise
an edge seal, and the respective edge seals comprise boron
phosphate.

An 1llustrative example embodiment of a method of
making a fuel cell includes establishing a cathode layer;
establishing an anode layer; establishing a porous matrix
layer between the cathode layer and the anode layer, wherein
the matrix layer comprises pores and solids with the solids
comprising at least 90% boron phosphate; and disposing
phosphoric acid electrolyte 1 the pores of the matrix layer.

In an example embodiment having one or more features
of the method of the previous paragraph, establishing the
matrix layer comprises mixing a slurry comprising boron
phosphate particles, a surfactant, a thickening agent, and a
binder; depositing a coating of the mixed slurry on at least
one of the cathode layer or the anode layer; and drying the
deposited coating, wherein the resulting coating 1s at least
part of the matrix layer.

An example embodiment having one or more features of
the method of either of the previous paragraphs includes
depositing a coating of the mixed slurry on each of the
cathode layer and the anode layer and the deposited coatings
collectively establish the matrix layer.

In an example embodiment having one or more features
of the method of any of the previous paragraphs, the boron
phosphate particles have an average particle size between
0.5 um and 4 um.

In an example embodiment having one or more features
of the method of any of the previous paragraphs, the average
particle size 1s approximately 2 um.

In an example embodiment having one or more features
of the method of any of the previous paragraphs, the matrix
layer has a thickness that 1s between 10 um and 100 pum.

In an example embodiment having one or more features
of the method of any of the previous paragraphs, the
thickness 1s approximately 350 um.

In an example embodiment having one or more features
of the method of any of the previous paragraphs, the solids
of the matrix layer comprises between 90% and 99% boron
phosphate.

An example embodiment having one or more features of
the method of any of the previous paragraphs includes
surrounding the cathode layer and the anode layer respec-
tively with a filler band layer that comprises boron phos-
phate.

An example embodiment having one or more features of
the method of any of the previous paragraphs includes
establishing the cathode layer on a first substrate layer,
establishing the anode layer on a second substrate layer,
providing a first edge seal on the first substrate layer, and
providing a second edge seal on the second substrate layer.
The first and second edge seals comprise boron phosphate.

Various features and advantages of at least one disclosed
example embodiment will become apparent to those skilled
in the art from the following detailed description. The
drawings that accompany the detailed description can be

briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates selected portions of a fuel
cell designed according to an embodiment of this invention.
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FIG. 2 schematically illustrates selected portions of
another example embodiment of a fuel cell.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates selected portions of a fuel
cell 20. A cathode electrode 22 and an anode electrode 24 are
separated by a porous matrix layer 26 that 1s disposed
between the cathode 22 and the anode 24. The porous matrix
layer 26 includes solids and pores. The solids of the matrix
layer 26 comprise boron phosphate. In some examples, the
solids of the matrix layer 26 comprise at least 90% boron
phosphate. One example embodiment includes the solids of
the matrix layer 26 comprising up to 99% boron phosphate.

If, for example, one were to consider the volume occupied
by the matrix layer 26, some of that volume will be occupied
by the pores of the matrix layer 26. In some embodiments
the pores occupy at least approximately 40% of the volume.
The remaining portion of the volume that 1s not occupied by
the pores will be occupied by solids of the matrix layer and
those solids comprise at least 90% boron phosphate.

The pores of the matrix layer 26 contain a phosphoric acid
clectrolyte schematically represented at 28, which serves as
the electrolyte for facilitating the electrochemical reaction
by which the fuel cell 20 generates electricity.

Utilizing boron phosphate for the matrix layer 26 provides
the ability to retain the phosphoric acid electrolyte 28
between the electrodes where 1t 1s needed during fuel cell
operation and prevent the reactants from the respective
clectrodes from mixing (1.e., suilicient bubble pressure). The
porous matrix layer 26 has good liquid permeability, 1s
wettable to the phosphoric acid electrolyte, 1s electrically
insulating at least to a suflicient degree for facilitating fuel
cell operation, 1s chemically stable 1n the presence of the
phosphoric acid electrolyte, and allows for making the
matrix layer 26 thin enough to minimize IR losses.

One feature of the matrix layer 26 1s that it can include
boron phosphate particles that are small enough to realize a
thinner matrix layer compared to matrix layers made with
other materials. In some examples, the boron phosphate
particles have an average particle size between 0.5 um and
4 um with a maximum particle size of approximately 10 um
(e.g., D100=10 um). In the illustrated example, the average
particle size 1s approximately 1 um. This description uses the
term “approximately” in this context to encompass varia-
tions from a particle size that 1s exactly 1 um. For example,
the phrase “approximately 1 um™ should be understood to
include an average particle size that 1s between 0.5 um and
1.5 pm. Other embodiments may have different average or
maximum particle sizes.

The matrix layer 26 comprising boron phosphate may be
as thin as 10 um. Example embodiments include a matrix
layer thickness that 1s between 10 um and 100 pm. One
example embodiment mncludes a matrix layer 26 having a
thickness that 1s approximately 50 um. The term “approxi-
mately” 1n this context should be understood to encompass
variations from the exact dimension of 50 um and include,
for example, between 40 um and 60 um. Having a thinner
matrix layers reduces IR losses and provides better tuel cell
ciliciency.

Using boron phosphate allows for having smaller particle
s1ze and a resulting thinner matrix layer. The smaller particle
s1ze compared to previous matrix layer materials such as
s1licon carbide, also allows for an increased bubble pressure,
which also enhances fuel cell operation and lifetime.

It 1s not possible to use silicon carbide particles as small
as the boron phosphate particles of the illustrated embodi-
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ments, 1n part, because smaller silicon carbide particles
provide more surface area and more oxide that can be
attacked by the phosphoric acid electrolyte resulting 1n more
of the undesirable 1nsoluble silicon phosphate mentioned
above, reduced acid inventory 1n the fuel cell, and reduced
tuel cell lifetime.

Reducing losses by having a thinner matrix layer also
allows for lowering platinum loadings in the electrodes
without sacrificing power. Given that platinum 1s an expen-
sive material, a matrix layer 26 designed according to an
embodiment of this invention provides cost advantages not
only for the matrnix layer itself but for other portions of the
tuel cell. Reducing cost 1s a sigmificant challenge faced
within the fuel cell industry.

FIG. 2 illustrates another example fuel cell configuration.
The cathode layer 22 1s supported on a first substrate layer
32 and the anode layer 24 1s supported on a second substrate
layer 34. A filler band layer 40 surrounds the respective
clectrode layers 22 and 24. An example embodiment has a
picture-frame-type configuration of the filler band layer 40.
In this example, the filler band layer 40 1s porous and the
solids of the filler band layer comprise at least 90% boron
phosphate. In some examples, the filler band layer 40 1s at
least approximately 40% porous.

The size of the boron phosphate particles 1n the filler band
layer 40 may be diflerent than the size of the boron phos-
phate particles 1n the matrix layer 26. In one embodiment,
the average particle size of boron phosphate 1n the filler band
1s between 0.5 um and 10 um. In some examples, the filler
band layers 40 include a binder matenal, such as a fluo-
ropolymer. Additionally, the filler band layer 40 may have
other components so that the composition of the filler band
layer 40 1s diflerent than the composition of the matrix layer
26 even though both include boron phosphate.

The substrate layers 32 and 34 include an edge seal along
an edge of the substrate layers, respectively. The edge seals
42 1n the illustrated example comprise boron phosphate
particles impregnated within the pores of the substrate. The
s1ize ol the boron phosphate particles 1n the edge seals 42
may be different than the size of particles used 1n the matrix
layer 26 and 1n the filler band layer 40, respectively. In one
embodiment, the average particle size of boron phosphate 1n
the edge seal 1s between 0.1 um and 4 um. Additionally, the
composition of the edge seals 42 may be diflerent than the
composition of the filler band layers 40.

Utilizing boron phosphate as the maternial for the matrix
layer 26, the filler band layers 40 and the edge seals 42 may
present efliciencies during a process of making a fuel cell
arrangement such as that shown 1n FIG. 2.

An embodiment of a method of making a fuel cell
includes establishing a cathode layer 22 and establishing an
anode layer 24. The method includes establishing the matrix
layer 26 between the cathode layer and the anode layer with
the matrix layer comprising at least 90% boron phosphate.
Phosphoric acid 28 1s disposed 1n the matrix layer 26 as the
clectrolyte.

Establishing the matrix layer in an example embodiment
includes mixing a slurry containing boron phosphate par-
ticles, a surfactant, a thickening agent, and a binder. One
example slurry composition includes approximately 33%
boron phosphate powder, 0.4% of a surfactant such as
surtynol 104E, 0.06% rhodopol 23, 0.8% of an aqueous FEP
dispersion as the binder such as chemours D121 with the
remaining approximately 43% being distilled water. The
additives chosen and their approximate ratios can be tailored
for different deposition methods. Given this description,
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those skilled in the art will be able to determine appropriate
ratios for their particular situation.

In some examples, the boron phosphate powder may be
milled to achieve a desired average particle size.

The mixed slurry may be applied to the anode electrode,
cathode electrode, or both. Example techniques for depos-
iting a coating of the mixed slurry on at least one of the
cathode or anode layers may include a tape casting, spray
coating, gravure coating, curtain coating, screen printing,
transier printing, doctor blading, die casting or a comparable
process.

The deposited coating 1s dried resulting 1n a boron phos-
phate matrix layer of a desired thickness. In some examples,
cach of the electrode layers are coated with a portion of the
matrix layer having approximately one-half of the total
thickness of the matrix layer when the electrodes are situated
relative to each other as schematically shown in FIGS. 1 and
2.

A Tuel cell matrnx layer made with boron phosphate
consistent with the above description allows for achieving
enhanced fuel cell efliciency, increased product lifetime, and
reduced fuel cell cost.

The preceding description 1s exemplary rather than lim-
iting in nature. Vaniations and modifications to the disclosed
examples may become apparent to those skilled in the art
that do not necessarily depart from the essence of this
invention. The scope of legal protection given to this inven-
tion can only be determined by studying the following
claims.

I claim:

1. A fuel cell, comprising:

a cathode electrode;

an anode electrode:

a porous matrix layer between the cathode electrode and
the anode electrode, the porous matrix layer including
pores and solids, the solids of the porous matrix layer
comprising at least 90% boron phosphate by mass; and

a phosphoric acid electrolyte within the pores of the
matrix layer.

2. The fuel cell of claim 1, wherein

the boron phosphate has an average particle size between
0.5 um and 4 um.

3. The fuel cell of claim 2, wherein the average particle

s1ze 1S approximately 2 um.

4. The fuel cell of claim 1, wherein

the matrix layer has a thickness that 1s between 10 um and
100 pum.
5. The fuel cell of claim 3, wherein the thickness 1s
approximately 50 um.
6. The fuel cell of claim 1, wherein the solids comprise
between 90% and 99% boron phosphate by mass.
7. The fuel cell of claim 1, wherein the matnix layer
comprises a coating on at least one of the electrodes.
8. The fuel cell of claim 1, wherein
the cathode electrode and the anode electrode each com-
prises a catalyst layer;
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cach catalyst layer i1s surrounded by a porous filler band
layer; and

cach porous filler band layer comprises boron phosphate.

9. The tuel cell of claim 8, wherein the filler band layers

have a different composition than the matrix layer.
10. The fuel cell of claim 1, wherein
the anode electrode and the cathode electrode are sup-

ported on respective substrate layers;

the respective substrate layers comprise an edge seal; and

the respective edge seals comprise boron phosphate.

11. A method of making a fuel cell, the method compris-
ng:

establishing a cathode layer;

establishing an anode layer;

establishing a porous matrix layer between the cathode

layer and the anode layer, the porous matrix layer
including pores and solids, the solids comprising at
least 90% boron phosphate by mass; and

disposing phosphoric acid electrolyte in the pores of the

porous matrix layer.

12. The method of claim 11, wherein establishing the
porous matrix layer comprises

mixing a slurry comprising boron phosphate particles, a

surfactant, a thickening agent, and a binder;
depositing a coating of the mixed slurry on at least one of
the cathode layer or the anode layer; and

drying the deposited coating, wherein the resulting coat-

ing 1s at least part of the matrix layer.

13. The method of claim 12, comprising,

depositing the coating of the mixed slurry on each of the

cathode layer and the anode layer; and

wherein the deposited coatings collectively establish the

matrix layer.

14. The method of claim 12, wherein

the boron phosphate particles have an average particle

s1ize between 0.5 um and 4 um.

15. The method of claim 14, wherein the average particle
s1ze 1s approximately 2 um.

16. The method of claim 11, wherein

the matrix layer has a thickness that 1s between 10 um and

100 um.

17. The method of claim 16, wherein the thickness 1s
approximately 50 um.

18. The method of claim 11, wherein the solids comprise
between 90% and 99% boron phosphate by mass.

19. The method of claim 11, comprising surrounding the
cathode layer and the anode layer respectively with a filler
band layer that comprises boron phosphate.

20. The method of claim 11, comprising

establishing the cathode layer on a first substrate layer;

establishing the anode layer on a second substrate layer;

providing a first edge seal on the first substrate layer; and
providing a second edge seal on the second substrate
layer,

wherein the first and second edge seals comprise boron

phosphate.
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